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Synergistic catalysis is a highly efficient synthesis strategy and has achieved rapid 
development in recent years. Under combination of two or more catalysts, the 
concomitant activation of more than one reaction partner, such as electrophile and 
nucleophile, lowers the energetic barrier and allows access to many difﬁcult or 
unattainable transformations. In particular, coorperation of different chiral catalysts is 
more conducive to realize the stereoselective control of chiral centers and has 
important applications in asymmetric synthesis. However, there are some perceived 
challenges surrounding synergistic catalysis, such as limited catalysts, activation 
mechanisms, reaction conditions caused by poor compatibility of co-catalysts. 
Therefore, developing new co-catalysts and improving their compatibility are still 
significant directions. 
In this study, we combine chiral-at-rhodium Lewis acid and N- methyl benzylamine 
and treat them as the co-catalyst for asymmetric Michael-Stork addition reaction 
between α, β-unsaturated acyl imidazoles and branched aldehydes, and obtain 
addition products with high conversion (90-99%), excellent enantioselectivities 
(61-99%) and good diastereoselectivities (1.3:1-7.2:1). As revealed by the results, 
chiral-at-rhodium catalyst has high compatibility with non-chiral amine. 
In addition, we introduce an unusual example of synergistic catalysis by the 
complexation between a transition metal catalyst and an organocatalyst. The 
precatalyst can turn into an advantage by providing a convenient handle for the 
synthesis and storing. The coordinated combination is then later activated in situ into 
a chiral-at-rhodium Lewis acid and a chiral amine catalyst for a diastereoselective and 
enantioselective Michael-Stork addition with the construction of vicinal 
quaternary/ternary stereocenters. We obtain addition products with high yields 
(66-99%), excellent enantioselectivities (89-99.4%) and good diastereoselectivities 

















Finally, we combine chiral-at-rhodium Lewis acid and Pd
0
 catalyst and treat them as 
the co-catalyst for asymmetric α-allylation reaction of 2-acyl pyridine, and obtain 
target product with high conversion (89%) and excellent enantioselectivity (92%). It 
proves that chiral-at-rhodium catalyst has high compatibility with Pd
0
 catalyst  
In summary, this study not only verifies the potential of chiral-at-rhodium Lewis acid 
to build highly efficient synergistic system, but also provides ideas for novel 
bifunctional catalysts and two transition metal catalysts used in asymmetric 
synergistic catalysis. 

























图 1.1 协同催化概念 
Figure 1.1 The concept of synergistic catalysis 
事实上，在自然界中协同催化普遍存在，例如生物体内的酶就是其中最典型
























图 1.2 二氢叶酸还原酶中的协同催化 




































图 1.3 协同催化分类 







2006 年，Córdova 课题组报道了 Pd(PPh3)4和四氢吡咯协同催化醛酮的 α-烯
丙基化反应（Scheme 1.1），高产率地获得了外消旋产物 1-3。该催化循环起始于
四氢吡咯和醛形成烯胺，及 Pd(PPh3)4和乙酸烯丙酯 1-2 形成 π 络合物，紧接着，
烯胺和 π 络合物发生反应，形成亚胺离子 1-4，水解后释放出产物 1-3，并且胺
催化剂和钯催化剂又重新产生（Figure 1.4）。值得一提的是，当用手性胺催化剂
代替四氢吡咯时，产物 1-3 的对映体选择性高达 74%，但是产率大幅降低[10]。 
 
式 1.1 Pd(PPh3)4和四氢吡咯协同催化醛酮的 α-烯丙基化反应 
Scheme 1.1 α-Allylation of aldehydes and ketones by synergistic catalysis between 

















图 1.4 Pd(PPh3)4和四氢吡咯协同催化醛酮的 α-烯丙基化反应的机理 
Figure 1.4 Mechanism of α-allylation of aldehydes and ketones by synergistic 




2001 年，Takemoto 课题组用相转移催化剂和钯催化剂协同催化酮亚胺 1-7
的 α-烯丙基化反应（Scheme 1.3），获得高达 96% ee 的产物 1-9。机理如下（Figure 
1.5）：首先碱溶液对酮亚胺 1-7 去质子化，形成的烯醇化合物 1-10 再与手性金鸡
纳碱形成阴阳离子对，金鸡纳碱的手性环境使得烯醇化合物 1-10 能够选择性地


















式 1.2 钯催化剂和四氢吡咯协同催化醛酮的 α-烯丙基化反应 
Scheme 1.2 α-Allylation of aldehydes and ketones by synergistic catalysis between 
Pd catalyst and pyrrolidine 
 
式 1.3 相转移催化剂和钯催化剂协同催化甘氨酸亚胺酯的 α-烯丙基化 
Scheme 1.3 α-Allylic alkylation of glycine imino esters via phase transfer 
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